ABSTRACT: Knowledge of the population structure and feeding capabilities of herbivores is critical to evaluate their influence on energy flow and community structure in their habitats. We tested for patterns in abundance (24 reefs) and size (12 reefs) of turbinid gastropods across 4 locations spanning > 6°latitude (~1000 km) in Western Australia, and we tested the effect of density (1 to 5 individuals) and size (38.8 to 747.1 g wet wt) of Turbo torquatus on consumption of macroalgae with different thallus structure (Functional Groups 3 to 5). Turbinid gastropods were found at all locations (up to 2.4 ind. m -2 ); 82.4% of all individuals were T. torquatus. One location (Marmion, Perth) had considerably higher abundances than all other locations. Populations of T. torquatus at the 2 southern locations had a broad range of sizes (9 to 119 mm total shell length [TSL]), although 1 location was dominated by small, and the other, by large, individuals. In contrast, both northern locations were strongly dominated by 1 size class (40 to 60 mm TSL). T. torquatus consumed Ulva lactuca, Hypnea valentiae, Hennedya crispa and juvenile Ecklonia radiata at rates of 150 to 450 mg blotted fresh weight d -1 , depending on density of gastropods and species of algae. There was a positive relationship between the rate of consumption and size of T. torquatus when fed U. lactuca and H. valentiae. The present study has produced 3 main insights: (1) densities of turbinids on offshore, wave-exposed, subtidal reefs are similar to those in other coastal habitats; (2) patterns of abundances and sizes are consistent with broad-scale processes, such as ocean climate, fishing pressure and eutrophication; and (3) T. torquatus can consume a variety of macroalgae at rates that suggest it has the potential to exert topdown control of macroalgae, although low densities of gastropods preclude strong effects.
INTRODUCTION
The impact of grazing at a location depends on the abundance, size and behaviour of its herbivores. Herbivorous gastropods are common in most coastal habitats, and grazing gastropods often determine the distribution of macroalgae on intertidal rocks (e.g. Jenkins et al. 2005) . Gastropods can also influence the distribution of algae on subtidal reefs (Ayling 1981 , Lotze & Worm 2000 , although they rarely have as spectacular effects as those of sea urchins, which can completely denude reefs of all erect vegetation (Hagen 1995 , Hill et al. 2003 .
Turbinid gastropods are widely distributed on both intertidal and subtidal reefs (e.g. Worthington & Fairweather 1989 , Ompi 1994 , Foster & Hodgson 2000 , Vanderklift & Kendrick 2004 . Members of the genus Turbo are often conspicuous herbivores because they can attain large sizes and locally high densities. In Australia, for example, Turbo jourdani can reach an impressive size of > 20 cm height (Wilson 1993) and T. undulatus can be found in massive aggregations , Edgar et al. 2004) . The abundance and the size distribution of turbinid gastropods on intertidal reefs change along environmental gradients associated with elevation (Worthington & Fairweather 1989 , Bruton et al. 1991 , and similar patterns may be found along the depth gradient on shallow subtidal reefs (Clarkson & Shepherd 1985) . There have been relatively few studies of turbinids on subtidal compared to intertidal reefs, and almost all have focused on nearshore, shallow reefs (< 8 m), or reefs of low to intermediate wave exposure (e.g. Clarkson & Shepherd 1985 , Vanderklift & Kendrick 2004 . Consequently, although deeper (>10 m) and more waveexposed offshore reefs comprise substantial areas, little is known about the abundance and distribution of turbinids in these habitats. Similarly, climate conditions can affect the recruitment, post-settlement performance and population structure of gastropods (e.g. Zacherl et al. 2003 , Gilman 2006 ), but it is not well understood if and how the population structure of turbinids changes towards their warmer range limits.
Marine herbivorous gastropods are mostly generalist feeders that are not associated with specific food sources (Steneck & Watling 1982) . Nevertheless, preference hierarchies, where certain algae are selectively consumed or avoided, still exist (e.g. Chan & Huang 1998 , Lotze & Worm 2000 , Davis et al. 2005 , and this selectivity can affect habitat structure by suppressing some species of algae, and so advancing other species (Lotze & Worm 2000) . Selection for, or avoidance of, certain food items may be associated with their nutritional quality (Cronin et al. 2002 , Kraufvelin et al. 2006 or the presence of chemical or structural deterrents (Davis et al. 2005 , Paul et al. 2006 . Palatability can also influence selection of food. Depending on size and structure of the feeding apparatus of the herbivore, algae with complex morphologies can be difficult to handle and manipulate, and tough epidermal cells can be difficult to sever and penetrate (Steneck & Watling 1982) . Such structural resistance to grazing is among the ecological properties considered in the functional group classification of algae, where higher functional groups are assumed to have greater resistance to herbivores (Steneck & Watling 1982) . Nevertheless, the ability of Turbo species to consume common algae of different thallus structure appears poorly resolved. On the basis of radula structure, Steneck & Watling (1982) classified the archaeogastropods, including Turbo spp., as predominantly feeding on microalgae and finely structured filamentous algae, yet, guts from several different species of Turbo usually contain a broad variety of fleshy and calcareous macroalgae (Clarkson & Shepherd 1985 , Worthington & Fairweather 1989 , Chan & Huang 1998 , Foster & Hodgson 1998 . This suggests that macroalgae constitute an important part of the diet of Turbo species and, therefore, that Turbo grazing may influence the distribution and abundance of macroalgae, depending on their feeding rates.
Quantitative knowledge of abundance, distribution and feeding capabilities is critical to evaluate any potential influence of herbivores on energy flow and community structure in their habitats. Filling the current knowledge gaps will provide insights into the effect of ocean climate on turbinids on temperate reefs, and it will enhance the understanding of community dynamics and potential control of algae on reefs that contribute significant trophic subsidies to adjacent habitats (e.g. Wernberg et al. 2006 ). This study aimed to quantify the abundance and distribution of turbinid gastropods on wave-exposed reefs dominated by the small kelp Ecklonia radiata, in order to test for spatial patterns along > 6°of latitude (~1000 km) and to test the ability of the most abundant species, Turbo torquatus, to feed on common macroalgae with different thallus structures. This included testing whether gastropod density and size influence grazing rates. In addition, key biometric relationships were extracted in order to derive regression models to enable future non-destructive field assessment of gastropod biomass.
MATERIALS AND METHODS

Surveys.
The geographic distribution and abundance of turbinid gastropods was quantified during November and December 2005 by surveying 6 waveexposed reefs within each of 4 locations in Western Australia (Fig. 1 ). Locations were separated by 300 to 400 km coastline (~2°latitude). Reefs within each location were separated by >1 km, all were 10 to 12 m deep, and all were dominated by a low canopy of the small kelp Ecklonia radiata (e.g. Wernberg et al. 2003) . Turbinid gastropods were counted within 5 replicate 1 × 5 m belt transects separated by 5 to 10 m (cf. Vanderklift & Kendrick 2004) . Size-frequency distributions of Turbo torquatus were obtained between October and November 2006 from a subset of 3 reefs within each location. A diver searched each reef carefully, collecting all individuals encountered. The aim was to collect ~25 individuals from each reef, but densities were so low at some reefs that even extensive searching yielded fewer individuals. Total shell length (TSL) was measured in situ with vernier callipers, as the distance from the protoconch to the bottom of the outer lip (Wilson 1993) .
Grazing experiments. The ability of Turbo torquatus to consume macroalgae of different thallus structure (Table 1) was tested in a series of laboratory experi-ments. Gastropods and algae were collected from subtidal reefs around Perth (Western Australia) between January and April 2006. All gastropods were replaced every 2 to 3 wk, and the algae, every week. Newly collected specimens were always allowed to acclimatise to laboratory conditions for at least 24 h before being used in experiments. While not in use in experiments, all gastropods were kept together in a large aquarium where they had access to a mixed assemblage of macroalgae, to avoid pre-conditioning them to a particular food source. For each experiment, gastropods and algae were transferred to experimental units (15.4 l aquaria), and left to graze for 2 to 5 d depending on the rate of biomass removal for each species of alga. All aquaria were aerated and maintained in a temperature-controlled aquarium room (22°C ≈ temperature in situ) under full light from fluorescent aquarium lamps (12:12 h light:dark cycle). Faecal material was removed from all aquaria daily by siphoning, at which time ~25% of the water was replaced. Biomass of algae (blotted fresh weight, FW) was measured at the beginning and at the end of each experiment, and consumption rates were calculated as change in biomass per day.
For experiments testing for effects of density of Turbo torquatus on the 4 species of macroalgae (Table 1) , 5 replicate aquaria were stocked with 0, 1, 2, or 5 gastropods and 0.5 to 1.5 g FW algae. These stocking densities mimicked the range of commonly observed aggregations of Turbo spp. in areas of comparable size to the experimental aquaria (T. Wernberg pers. obs.). The gastropods used in these feeding assays ranged in size from 33.8 to 123.5 g WW (wet weight), with a mean (± SE) of 54.8 ± 1.9 g WW (n = 160), and there were no differences in the mean size of gastropods used in the feeding assays for any of the 4 algae (F 3,56 = 1.08, p = 0.37). The algae used are all common on the southwest coast of Western Australia (Wernberg et al. 2003 and references therein).
The effect of gastropod body size on grazing rates was tested for 2 species of algae, which the previous experiments had shown to be readily consumed by medium-sized Turbo torquatus. One gastropod, ranging in size from 38.8 to 747.1 g WW, was used in each experimental unit.
Biometric relationships. Relationships between wet weight (WW), operculum diameter (OD), total shell length (TSL) and ash-free dry weight (AFDW) were determined for Turbo torquatus. WW was measured after removing excess water by gently shaking each gastropod, operculum facing down. AFDW was calcu- Leathery macrophyte, corticated (cortex many cells thick w. meristoderm), planar 5 a 5 to 10 cm well-developed juveniles. These are sometimes classified in FG 4. To retain the rank order of palatability implied by the thallus anatomy, we have not done so here Table 1 . Species of macroalgae used in the experiments to determine grazing rates of different densities and sizes of gastropods Turbo torquatus. Characterisation of thallus structure is based on Womersley (1984 Womersley ( , 1987 Womersley ( , 1994 . FG: functional group in decreasing rank order of predicted palatability (Steneck & Watling 1982) lated by subtracting shell and ash weight from the dry weight, where dry weight was measured after drying at 60°C until constant weight (usually 3 d), and ash and shell weight was measured after incineration in a muffle furnace at 500°C for 24 h. Statistical analyses. Differences in abundances of gastropods among locations and reefs within locations were tested with a random-factor, nested ANOVA. One-way ANOVA was used to test if size-frequency distributions of Turbo torquatus were different among locations; the Canberra metric (Clarke & Warwick 2001) was used to calculate the absolute distance (sum of distances at each size increment) between cumulative relative frequency distributions for all pairs of reefs, testing whether within-location distances were smaller than among-location distances. For each feeding assay, a separate 1-way fixed-factor ANOVA was used to test the effect of density of T. torquatus on consumption of algae. Product moment correlation was used to assess the relationship between algal functional group and total consumption of each type of algae, summed across all density treatments containing T. torquatus. All ANOVAs were done using the program PERMANOVA, calculating p-values from 9999 permutations of residuals under the reduced model (Anderson 2005) . The permutational approach was desirable because the data contained many zeros (particularly the survey data) and were highly nonnormal even after transformation. Linear regression was used to test the effect of gastropod size on consumption rates and to fit biometric relationships. Where appropriate, data were ln(x)-transformed prior to regression in order to obtain expected linear relationships.
RESULTS
Surveys
Four species of turbinid gastropods were recorded in transects during the survey: Turbo torquatus, T. intercostalis, Australium squamifera and A. tentorium. Two additional species, T. jourdani (Marmion, Jurien Bay) and T. gruneri (Hamelin Bay, Marmion), were seen on some reefs, but never within the transects. Moreover, with the exception of 5 abalone Haliotis laevigata encountered in Hamelin Bay, these turbinids were the only large (> 3 cm) herbivorous gastropods encountered. T. torquatus accounted for the vast majority of all turbinids (82.4% of all individuals), and variation in this species determined the overall patterns of distribution of turbinid gastropods (Fig. 2) . T. intercostalis (seen at the 3 northernmost locations) and the 2 species of Australium were too sparse and occurred too infrequently to reveal any spatial patterns of distribution other than relative rarity. The spatial distribution of turbinid gastropods was characterised by large variation at several spatial scales (Table 2 ), but most variation was found among locations 100s of kilometres apart (40%) and transects within reefs 10s of metres apart (39%). Turbinid gastropods were more abundant in Marmion Lagoon than anywhere else (post hoc pairwise comparisons: Marmion > Hamelin Bay = Jurien Bay = Kalbarri). Marmion was also the only location where turbinids were found on all reefs. The mean abundance of turbinid gastropods ranged from 0 to 5.6 ind. transect -1 (1.1 ind. m -2
), although most sites where turbinids were found had <1.6 ind. transect ). The highest density recorded in a single transect was 12 (2.4 ind. m -2 ; 11 T. torquatus, 1 A. squamifera).
A broad range of sizes of Turbo torquatus were found at both of the southern locations (9 to 119 mm (Fig. 3) . In contrast, populations at both of the 2 northern locations, Jurien Bay and Kalbarri, were strongly dominated by a single intermediate size class (72% of individuals between 40 and 60 mm). The size-frequency distributions were similar among reefs within all locations (Fig. 3) , and, consequently, there was a significant difference among locations in the size-frequency distributions of T. torquatus [F 3,8 = 7 .69, p(perm) = 0.0003; Fig. 3 
Grazing experiments
There was a significant consumption of all species of macroalgae offered to Turbo torquatus during the feeding assays (Table 3, Fig. 4 ), but the rate of consumption at different densities of T. torquatus varied among algae. There was virtually no change in biomass for any of the algae in aquaria without T. torquatus, indicating very little autogenic change took place over the duration of each feeding assay. Consumption rates by single individuals were not detectably different to the treatment with no gastropods for any of the food sources, although there was an indication of consumption of Ulva lactuca by single individuals (Fig. 4) . Consumption by pairs of individuals was significantly higher than in the no-gastropod treatment for all algal species, except Ecklonia radiata, where no consumption was detected at this density. The consumption rate . U. lactuca was the only species of alga where a progressive increase in consumption was evident with increasing density of gastropods. There was a strong negative correlation between algal functional group and total consumption of algae, across the 4 feeding assays (r = -0.94, n = 4).
There was a significant (p < 0.01) positive relationship between the size of Turbo torquatus and consumption rates of Ulva lactuca and Hypnea valentiae (Fig. 5) . However, the slope of the regression line for U. lactuca (slope = 0.45) was > 4 times smaller than that of H. valentiae (slope = 2.01), suggesting a difference in the size dependency of consumption of the 2 algal species; there were no differences in consumption rates when fed to large individuals, but smaller individuals ate U. lactuca much more readily than they did H. valentiae.
Biometry
The shell fraction (shell + operculum, ± SE) accounted for 65.4 ± 0.4% (n = 28) of total gastropod wet weight, and there was only a weakly negative relationship between gastropod size and shell fraction (r = -0.24, p = 0.21, n = 28). The relationships between Turbo torquatus WW, OD and TSL, and AFDW were highly significant and had high regression coefficients (Table 4 ). The best predictor of AFDW was TSL, closely followed by WW.
DISCUSSION
Our survey found differences in abundance and size structure among locations separated by 100s of kilometres, with abundances dominated by Turbo torquatus. In laboratory experiments, T. torquatus consumed a range of common macroalgae, but at rates that varied according to gastropod density and size, and the functional group of the algae.
Abundance and size structure
Turbinid gastropods were found at all 4 locations. Turbo torquatus accounted for the vast majority of individuals at all locations, including Kalbarri, which is approximately 100 km north of Port Gregory, the previously published northern limit of the species (Wilson 1993) . The latitudes surveyed in the present study did not appear to influence the abundance of turbinids systematically, with one location (Marmion) hosting significantly higher abundances than other locations. The size structure of T. torquatus populations did vary with latitude; the 2 southern locations spanned the full range of gastropod sizes recorded, although one location was dominated by large and the other by small individuals. In contrast, both of the northern locations were strongly dominated by one intermediate size class.
Overall, the densities found in the present study were similar to values that have been found for several other large turbinids in a range of habitats in different countries (Table 5) . Significant differences among reefs within all 4 locations mirror the findings of Vanderklift & Kendrick (2004) and suggest that reef-specific properties play a role in determining the local abundance of turbinids, although this appears to be less important than broad-scale (100s of kilometres) influences. The large variation among transects within reefs is likely attributable to some combination of the 3-dimensional structure of the reef and the mosaic configuration of the canopy habitatgastropods were commonly seen occupying crevices or under full canopy cover, although these observations must be further substantiated. Nevertheless, most of the variation in abundance was found between locations because Marmion Lagoon had conspicuously higher densities of turbinids than anywhere else.
Ocean currents and upwelling can cause dramatic broad-scale patterns in recruitment and abundance of marine invertebrates (Connolly et al. 2001 , Menge et al. 2003 . Nevertheless, circulation patterns are unlikely to be the main explanation for the broad-scale patterns in abundance and population size structure of Turbo torquatus along the west coast of Australia, where the warm Leeuwin Current runs from north to south without any substantial upwelling zones or other major discontinuities (Pearce 1991) . Biogeographic patterns in abundance and population structure of intertidal gas- (Zacherl et al. 2003 , Gilman 2006 , Lima et al. 2006 . The latitudes covered in this study are associated with a temperature gradient of 2 to 4°C ( Fig. 1; Pearce 1991) , and systematic variation in ocean temperature could explain some of the patterns in size structure if successful reproduction or recruitment is constrained by high temperatures. T. torquatus is a temperate species that is widely distributed in the cooler waters of the south coast of Australia. Spawning can take place several times a year, including during high summer temperatures (Joll 1980) . It therefore seems unlikely that the temperature gradient affects reproduction. Successful recruitment and juvenile survival could, however, be the bottleneck, as demonstrated by Gilman (2006) for the limpet Collisella scabra. The strong dominance of a narrow range of sizes of gastropods, at the 2 northern locations, could be explained if successful recruitment of T. torquatus is restricted to infrequently occurring (years apart) occasions of relatively cool conditions (e.g. ENSO-related events) (e.g. Zacherl et al. 2003 , Lima et al. 2006 . No growth rates are available for T. torquatus, but, assuming a growth rate of 12.9 mm yr -1 , the average reported by Foster et al. (1999) for the similar-sized congener T. sarmaticus feeding on foliose algae in South Africa suggests that the 40 to 60 mm individuals dominating populations in Jurien Bay and Kalbarri could be between 3.1 and 4.7 yr old. If so, they would have recruited between 2001 and 2004, which was a period of relatively cool coastal waters on the west coast of Australia (Pearce & Feng 2007) . In contrast, the wide range of sizes of T. torquatus encountered at both of the southern locations suggests that T. torquatus recruitment occurs regularly here (probably every year). Long-term data on recruitment along the latitudinal gradient, and more detailed studies on the influence of temperature on fecundity and recruitment, are however needed to fully address these speculations.
Ocean climate does not explain the differences in abundance and size structure between the 2 southern locations, Hamelin Bay (a sparsely populated rural area) and Marmion Lagoon (a heavily populated urban area). Regional differences in fishing pressure on Turbo spp. predators (e.g. western blue grouper Achoerodus gouldii) or systematic differences in the quality of available food items could drive the patterns of these 2 locations. Removal of large predatory fish by fishing can strongly reduce predation rates, resulting in considerable effects on abundance and population size structure of invertebrate herbivores (Shears & Babcock 2002 , Hereu et al. 2005 . Often, the smaller size classes are targeted by predators, causing size-frequency distributions of prey to be skewed towards larger individuals under low fishing pressure (i.e. in Hamelin Bay). In addition, the high abundance of turbinids, and small T. torquatus in particular, in Marmion Lagoon, may reflect increased performance and reproductive potential on a diet of Ulva lactuca and other easily palatable growth forms (Foster et al. 1999 ) commonly found on humandominated coasts. Tethering experiments comparing predation rates among locations (e.g. Vanderklift et al. 2007 ) and studies of diet and fecundity (e.g. Foster et al. 1999) could be used to test these hypotheses.
Grazing
Our assays detected significant grazing of all macroalgae offered to Turbo torquatus, and this demonstrates unambiguously that the species has an ability to consume a wide variety of macroalgae representing a range of functional groups. While these nochoice feeding assays do not indicate in situ feeding patterns, gut content analyses from several Turbo species suggest that consumption of a variety of macroalgae in the field occurs widely within the genus (T. undulatus, T. cornutus, T. sarmaticus, T. torquatus; Clarkson & Shepherd 1985 , Worthington & Fairweather 1989 , Chan & Huang 1998 , Foster & Hodgson 1998 . Turbo spp., therefore, appear to be an important exception to Steneck & Watling's (1982) general classification of limitations to archaeogastropod feeding capabilities based on radula structure. Nevertheless, the overall patterns of consumption were consistent with the theory that higher functional groups provide more structural resistance to herbivory.
It is clear that many Turbo species consume macroalgae; however, information on actual consumption rates is required, in conjunction with information on abundance and distribution, to estimate their potential impact (e.g. Sala & Graham 2002) . Consumption rates of T. torquatus were size dependant and varied between 30 and 90 mg FW ind.
-1 d -1 ; these rates scale well with consumption rates for other common herbivorous invertebrates in kelp beds: Aora typica (amphipod), 1 to 3 mg FW ind.
-1 d -1 (Taylor & Brown 2006) ; Lacuna vincta (gastropod), up to 42 mg FW ind.
-1 d -1 (Johnson & Mann 1986) ; and Holopneustes purpurescens (urchin), 1000 mg FW ind.
-1 d -1 (Steinberg 1995) . Consumption rates of Turbo torquatus differed between algal food sources, between densities of gastropods and between sizes of gastropods. Other studies of invertebrate herbivores in kelp beds have found similar results. Taylor & Brown (2006) and Davis et al. (2005) found Ulva lactuca to be the preferred and most readily eaten alga, relative to other common algae, by the amphipod Aora typica and the turbinid gastropod T. undulatus, respectively, and Johnson & Mann (1986) found a clear pattern of size-dependent consumption of the kelp Saccharina by the gastropod L. vincta. These patterns in consumption rates suggest that, in addition to well-established differences among species (Sala & Graham 2002 and references herein), per capita interaction strengths also vary within a species according to its density, size and the food sources available. This complicates assessments of the relative importance of individual herbivores because, as our surveys have clearly shown, herbivore populations can vary greatly in abundance and size structure across a range of spatial scales, and so do algal assemblages (Wernberg et al. 2003) . A more general implication is that processes that change the range of food sources available, the density, or the size structure of herbivores, also change the potential for top-down control. This, in turn, may have consequences for the resilience of the community to perturbations (McCann et al. 1998) . A range of human activities represents processes with the potential to have such effects. Eutrophication, for example, commonly shifts the relative abundance of functional groups of algae (Pedersen & Borum 1997) , while fishing (i.e. predator removal) can cause changes to densities and size structures of herbivore populations (Shears & Babcock 2002 , Hereu et al. 2005 .
The per capita interaction strength between Turbo torquatus and Ecklonia radiata recruits at a density of 5 ind. aquarium -1 can be calculated to be -0.0396 (cf. Sala & Graham 2002) ; this is on the same order of magnitude as the highest per capita interaction strengths of -0.0132 to -0.0154 calculated for urchins and large gastropods grazing on microscopic kelp sporophytes in California (Sala & Graham 2002) . The interaction strength between T. torquatus and E. radiata is however substantially lower (88%) than the interaction strength between T. torquatus and Ulva lactuca (-0.3311 ). Based on these interaction strengths it would appear that T. torquatus has the potential to have a relatively large influence on reef algae. The extent to which this potential is realised depends on the density of gastropods and the productivity of the algae. E. radiata is the main foundation species on shallow temperate reefs in Australia, and grazing on this species would have the largest implications to the reef community. Reefs at Marmion typically have 12 E. radiata recruits m -2 (Wernberg 2008) , and, with an average size of 10 cm (Kirkman 1984) , this corresponds to 36 g FW m -2 . The average productivity of E. radiata at 10 m depth has been measured at 0.0167 g FW g , populations at the maximum densities encountered in the field could consume up to ~11% of the daily production of kelp recruits at Marmion. This is obviously a very crude calculation, but the relatively low value supports the notion that Turbo spp. likely exert a limited effect on macroscopic reef algae in southern and western Australia (Fowler-Walker & Connell 2002 , Vanderklift & Kendrick 2004 ). Nevertheless, a low consumption of total biomass does not necessarily imply low importance, as grazing scars can lead to significant indirect loss of biomass (Johnson & Mann 1986 ) and removal of propagules in the grazing process could affect community structure (Malm et al. 1999) .
Biometric relationships
Quantitative knowledge of biomass distribution is critical to evaluate energy flow and community structure, and this is often the ultimate aim of many stock assessments. Several easily obtainable measures of Turbo torquatus size (WW, OD and TSL) were good predictors of AFDW, implying that gastropod biomass can be reliably assessed non-destructively in situ. This is particularly desirable in relation to protected or vulnerable populations such as inside marine protected areas, or at heavily exploited reefs (e.g. Foster & Hodgson 2000) . Furthermore, gastropod shells and opercula are durable even on geological time scales, and they are often found in deposits of geological and prehistoric human origin such as middens (Cann et al. 1991) . The biometric relationships can therefore also be used to reconstruct past biomass distributions.
CONCLUSIONS
Three main insights have resulted from this study: (1) densities of turbinid gastropods on offshore, waveexposed reefs are similar to those that have previously been recorded in other habitats; (2) geographical patterns in abundance and size structure were consistent with patterns produced by processes that encompass broad spatial scales, such as ocean climate, differences in fishing pressure and urban eutrophication; and (3) Turbo torquatus can consume a range of macroalgae, encompassing different thallus morphologies, at rates that suggest it has the potential to exert top-down control of reef algae. Such strong effects are, however, probably limited by low densities of gastropods in situ. 
